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Abstract. The wild flora of Romania includes many species presenting with decorative value, some of 
them being introduced already in culture and other could represent in the future, new and important 
horticultural resource. In Romania, only a few species from Centaurea genus were introduced as 
ornamental crops. This genus has many rare and vulnerable species with ornamental value, which are 
grown on very small areas. The red lists of vascular plants include 19 species from Centaurea genus 
and only six species are grown in the intra-Carpathian area (Transylvania area): Centaurea 
ratezatensis Prod., C. rarauensis Prod., C. maramarosensis (Jáv.) Dostál, C. pinnatifida Schur., C. 
kotskyana Heuff., C. reichenbachii DC. Other species like C. atropurpurea W.et K., C. pugioniformis 
Nyar. or C. phrygia subsp. carpatica (Porc.) Dost. are not threatened but they can become vulnerable 
in the future due to habitats destruction and sheep pasturing. At the finally of this list is added 
Centaurea orientalis L. species which is frequently presents in extra-Carpathian area but it is very rare 
in Transylvanian area. Part of this species (C. atropurpurea W. et K., C. ratezatensis Prod., and C. 
orientalis L.) have been studied in situ between 2010-2012, and their decorative characters were 
observed in the garden conditions. Some decorative characters of both cultivated and spontaneous 
plants were analyzed and compared and the results were statistically interpreted. In conclusion, this 
paper presents the biological and ecological particularities of each Centaurea species, as well the 
frequency, endemic character, regional distribution and sozological category. 
 





Interest for biodiversity study of spontaneous flora was requested also by the 
necessity of identification and capitalization of new plant species with decorative value. The 
Centaurea genus include between 20 and 30 species from Transylvania region, part of them 
presenting decorative value and just two being taken already in culture. A part of them has 
never been studied in crop conditions. From these are endemics, very rare or periclitate due to 
anthropic influence and could represent new and important horticultural resource in the future. 
It is very important to preserve the living plants collections of endangered species of regional 
floras, especially endemics, as the most vulnerable (Global Strategy for Plant Conservation, 
2002).  
The red lists of vascular plants from Romania have 19 species from Centaurea genus 
and just six species which grows in intra-Carpathian area (Transylvania area): Centaurea 
ratezatensis, C. rarauensis, C. maramarosensis, C. pinnatifida, C. kotskyana, C. 
reichenbachii. Other species like C. atropurpurea, C. pugioniformis or C. phrygia subsp. 
carpatica are not threatened but they can become vulnerable in future due to habitats 
destruction and sheep pasturing. To contribute to biodiversity conservation is very important 
to make ex situ preservation (conservation in other place like garden). One of the multiple 
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directions of ex situ conservation is the diversification of the collections with spontaneous 
cormophytes presenting decorative value. 
In this paper are presented, in the context of their ornamental importance, species of 
plants identified in the hilly and mountain area of the Transylvania region. The proposed 
studies have as main goal a deepen knowledge regarding the usage of Centaurea species from 
spontaneous flora as a source of enriching plant’s assortment, to identify and to advance new 
species in cropping. 
 
MATERIAL AND METHODS 
 
In order to elaborate the ecological and biological data sheets of the plant species 
were taken into consideration the following aspects: systematic classification (Bădărău et al., 
1996; Ciocârlan, 2009; Prodan, 1930), bio-form, floristic element, ecological characterization 
and decorative elements. The biological form (bio-form) of each species is very important 
because the knowledge of this parameter for a certain species offers information on the mode 
in which this plant is protecting its regenerative parts (ex. vegetative buds, generative 
formations) during unfavorable season for vegetation (cold or dry season). Floristic element 
gives information on macro and microclimate where a certain species is developing, 
illustrating even the role of environment in the growing of a species outside their main 
geographical area (Ciocârlan, 2009, Sanda et al., 1983). The ecological characterization for 
each species presents some particular information regarding ecological preferences (light, 
temperature, humidity, soil, pH etc.). Decorative elements are represented by general aspect, 
leafs, flowers, fruit and the mode of use in park and gardens (Drăghia et al., 2010; Mardari et 
al., 2009; 2011).  
To accomplish this aim, plants and seeds have been collected from the wild flora 
between 2010 and 2011. These were introduced in the museum garden from Sibiu in 2012. 
Comparisons between flowering period, qualitative (color of the flower) and quantities 
(number of the inflorescences, width and length of inflorescence, width and length of leaves, 
number of leaves, plants height) decorative characters of both cultivated and spontaneous 
individuals have been realized.  
Identification and collection studies of the plants with ornamental interest were made 
in 2010 - 2012 period, during the vegetation period (May-October), in areas with natural 
vegetation in the hilly and mountain territory of Transylvania region. 
For the morphometric analyses individuals of C. atropurpurea (72 individuals from 
wild flora, 15 individuals from garden), C. ratezatensis (27 from wild flora and 29 in the 
garden) and C. orientalis (29 from wild flora and 10 in the garden) were sampled. The 
observation on C. atropurpurea come from Turzii Gorge, Gusterita-Fantana Rece, C. 
ratezatensis collecting from “Faţa Fetii” (Retezat Mt.) and C. orientalis collecting from 
Barcut - Dealul Chilom (BV).  
Morphometric measurements were made with Digital USB Microscope (zoom 400X) 
and Digital calliper (Powerfix). The final data matrix includes 9 quantities morphological 
characters (Tab. 1). Basic statistical measures (mean, median, maximum and minimum 
values, quartiles, 5 and 95 percentiles and standard deviation) were computed for each taxon. 
The morphological characters were computed in PAST software (version 2.15) with Principal 
Component Analysis (PCA) - an ordination method. The dataset were standardized to have 
zero mean and unit standard deviation with PCA based on correlation matrix using the 




Tab. 1.  
List of morphological characters studied. 
(All characters were measured on plants with a fully developed and undamaged terminal capitulum ) 
 
Character Description Unit 
H_infl Height of the involucre of the terminal capitulum, i.e. from the base of the involucre 
to the top of inner florets 
mm 
Width_infl Width of the involucre of the terminal capitulum; the distance between outer surfaces 
of involucre bracts is measured, recurved parts of involucre bracts were not included 
mm 
Lgth_leaf Lamina length of a middle stem leaf cm 
Width leaf Lamina width of a middle steam leaf, including lateral teeth/ lobes cm 
Lgth_lacinia Lacinia length of a middle stem leaf cm 
Width_lacinia Lacinia width of a middle stem leaf cm 
H_stem Height of the flowering part of the stem, i.e. height from the level of soil to the 
terminal capitulum 
cm 
No leaves Number of leaves  
No_infl Number of flowers  
 
RESULTS AND DISCUSSIONS 
 
The museum garden is characterized by a continental climate temperature with 
annual precipitations average of approximate 662 mm, annual temperatures average by 8-9 
grade Celsius, relative humidity the atmosphere approx. 75% and neutral soils, ph-7. 
The seeds have initiated the germination process after 2-3 weeks. The cultivated 
plants produced flowers in the first year of growth, excepted Centaurea atropurpurea that 
forms a rosette of leaves. 
It was observed that Centaurea individuals are keeping (almost the same quantitative 
characteristic) and even improve (longer flowering period) their decorative characteristic 
without being deteriorated or diminished.  
Centaurea atropurpurea Waldst. et Kit. species has been studied in period (2010-
2012) in order to observe its behavior in the environmental conditions characteristic to the 
museum garden of Sibiu. This species is a hemicryptophyte plant (perennial plant that bears 
its overwintering buds at soil level, where they are often partly covered by surface of 
detritus), perennial and toxic species with the areal in East of Europe (in the whole west 
Balkan peninsula on rocks at lower altitudes), sporadically met at forest’ margins. The plant is 
usually a mesoxeric (U2), mesotermic (T3) and calciphile - saxicole (R5) rocky grassland 
species, in southern Transylvania also behaving as a mesoxeric steppe species with no 
saxicole preferences. This west Balkan element it meets in Stipio pulcherrimae-Festucetalia 
pallentis, in southern Transylvania also in Festucetalia valesiacae habitats in Banat 
Mountains and Poiana Ruscă. In the Transylvanian Basin, it can be found only in the hilly 
areas (southwestern and western parts - in the western ones only on limestone). 
C. atropurpurea from wild flora has height of stem between 20-115 cm, with a mean 
between three and four of inflorescence, width 2.5 cm and height 3.5 cm. The flowers are 
grouped on inflorescence without external ray flower (characteristic of Acrocentron section) 
with dark purple flowers and yellow stamina (Fig. 1). In the museum garden has developed in 
the first year just a rosette of leaves. Before to compute the morphological characteristics of 
this species from wild flora and garden with ordination method, the Spearman correlation 
coefficient (r) shows that there were only slight differences between variables. No highly 
correlated characters (r≥0.95) were found and all characters were used in the multivariate 
analyses. 
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The PCA routine calculate an eigenvalues equal with 653.952 which is the measure 
of the 94.96% variance accounted for by the corresponding eigenvectors (components) and 
are given for all component of the variance-covariance matrix or the correlation matrix. The 
Jolliffe cut-off coefficient is 53.56 and this indicated that only one principal component (PC1) 
should be considered significant and PC2 is considered insignificant. This results shows that 
component 1 (PC1) can describe 95% of the original data information.  
 
 
Fig. 1. Centaurea atropurpurea 
 
It can be seen in the PCA scatter plotted that the all data points (rows) in the 
coordinate system given by the PC1 and PC2. The group of garden plants points is different 
by the rest of group amoung PC1 coordinate (Fig. 2). 
     
Fig. 2. PCA scatter diagram of Centaurea atropurpurea groups closed points plotted by 
ellipse for 95 % confidence level. 
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The biplot of PCA scatter diagram shows that the height of stem is the differential 
variable among principal component 1 and length of leaf is the differential variable among 
principal component 2 (Fig. 3).  
Centaurea phrygia ssp. ratezatensis (Prodan) Dostál (C. ratezatensis Prod.) is 
considerated an endemic species from 1925 when it was described by Prodan at “loco 
classico" Faţa Fetei above Gura Apelor (Ţarcu Mountains in the "Retezat Group" of the 
Meridional Carpathians) (Prodan, 1930). Centaurea ratezatensisis belong to Centaurea 
subgenus, Lepteranthus section can hybridize easily, giving a large number of polymorphic 
individuals. Despite this, due to the relative difficulty of the Lepteranthus section, nobody 
produced a further analysis on this taxon. It is very important to observe this species in ex-situ 
from decorative and hybridisation point of view.  
 
 
Fig. 3. PCA biplot of C. atropurpurea differential variable among the principal components 
(PCA1 and PCA 2). 
C. ratezatensis is a hemicryptophyte plant (H) which need moderate humidity (U3), 
resistance at low temperatures (T2) and grows on acid-neutrophil soils (R3) (Fig. 4).  
In Retezat Mountains is frequently founded on grasslands near the limits of 
hardwood and coniferous forests. The height of the stem is around 80 cm and decorates 
through inflorescences with violet flowers. The measurements of the morphological 













Fig. 4. Centaurea phrygia subsp. ratezatensis (Prod.) Dostál 
(C. ratezatensis Prod.) 
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The Spearman correlation coefficients (r) computed on PAST software shows that 
there were no differences between variables and all characters used in the multivariate 
analyses (Principal component analysis). The univariate analysis shows that C. ratezatensis 
has between 3 and 13 inflorescences on the plant with mean of inflorescence width -1.3 cm 
(0.92- 1.78 cm) and mean of inflorescence height - 2.55 cm (1.81- 3.66 cm). 
The PCA calculates on the C. ratezatensis plants shows that is no slightly differences 
between plants from wild flora and plants from museum garden.  
The linear projections of PCA find two significant eigenvectors with eigenvalues 
bigger than the Jolliffe cut-off coefficient (155.51). The principal component (PC1 and PC2) 
take a variance by 95.79% (component 1- 83.08% and component 2- 12.71%) at cumulative 
proportion which describe well the majority of original data.  
The PCA scatter of C. ratezatensis computed for all variables shows that between the 
plotted data points from the wild flora and botanical garden are slightly differences (Fig. 5).  
 
Fig. 5. PCA scatter diagram of C. ratezatensis groups closed points plotted by ellipse for 95% 
confidence level. 
The PCA biplot shows that length of leaf is a differential character among component 
1 and heigth of stem among component 2 (Fig. 6). The component 1 represent 83% of initial 
data wich is a god description for original data. 
 
Fig. 6. PCA biplot of C. ratezatensis differential variable among the principal components 
(PCA1 and PCA 2) 
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Centaurea orientalis L. is a hemicryptophyte species, with 30-60 cm stem height on 
Bărcuţ (BV) meadow. The stem is unbranched or branched in the upper part of stem, with 1-4 
capitula on plant and 2 cm width and 3 cm height of inflorescence (Fig. 7). The flower of 






















Fig. 7. Centaurea orientalis 
 
This north Balkan- north Pontic forest-steppe element is quite frequent in southern 
and eastern Romania but very rare in Transylvania where it occurs only in two known 
locations - Bălăuşeri (MS) and Bărcuţ (BV). The populations from Transylvania are totally 
isolated from the ones in rest of the whole range. Their peculiar genetic structure is illustrated 
by the C. orientalis var. elisabetae Badarau, Groza et Pestina with yellow pale flowers which 
seems to be absent everywhere else. This species is to be considerate as a regional rare 
endangered species in Transylvania. 
C. orientalis is a xero-mesophyte plant (U2) with moderate temperature preference 
(T4) which grows on the neutral soil (R4.5) in the wild flora. 
The Spearman correlation coefficients (r) computed on PAST software shows that 
there were no differences between variables and all characters were used in the multivariate 
analyses (ordination method). The PCA calculates on the individuals from Bărcuţ meadow 
and garden museum shows that is no slightly differences between them.  
The linear projections of PCA find three significant eigenvectors with eigenvalues 
bigger than the Jolliffe cut-off coefficient (4.32). The principal component (PC1 and PC2) 
take o variance by 87% at cumulative proportion which describe well the majority of original 
data. So, in this example, we can take component 1 (PC1) and PC2, and ignore PC3. 
The PCA scatter computed for C. orientalis all variabiles and plotted all data points 
(rows) in same place of the the coordinate system wich are given by the principal components 





Fig. 8. PCA scatter diagram of Centaurea orientalis groups closed points plotted by ellipse 
for 95% confidence level 
 
The PCA biplot shows that heigth of stem and heigth of inflorescence are the only 
diferential characters between plants and these are inversely correlated among components 1 









The Centaurea species aclimatisated in museum garden has no significant 
differences between morphological characters. 
Centaurea atropurpurea is a stepic element with decorative flower and green leaves 
361
– tomentous at the bottom who love sunny lands and well drained and limestone. The plant 
has no slow growth rate and is resistant to high temperatures. The big durk purple flowers are 
suitable as decorative cutting flower because the stem is long and straight usally ended with 
one or two flowers. The plant can be used in landscape design (strips, groups, massive) and as 
cut-dried flowers. Has a good resistance to drought and sun and is suitable for borders in the 
middle of intersections where the sun burns all day. 
The ornamental qualities of the plant could be shown also in rocky design, in dry 
places and on calcareous soils. 
Centaurea ratezatensis has slightly differeneces between field and garden due of the 
greatest number of hybrids. One inflorescence contain many achenes which can be different 
hybridizate by insects, and these seeds can give in the next year different morphological 
characters to this species. 
Decorate through rich inflorescences, violet coloured, but also through the port and 
green-leaves. It is recommended for alpine gardens, massive, and for walls covering. The 
plant has a large blooming period, from May until October and prefers cool, shady or semi-
shady places. These perennial species are suitable for lawn because support the cutting, being 
the first plant which blooming after this.  
Centaurea oriental is a perenial plant with oblic or horizontal rhizome, with an 
unbranched stem, sometime branched in the upper part of stem with a rosette of leaves and 
leaf of the stem has no petiole. The plants which growths in the museum garden has no 
morphological differences compared with plants from the wild flora. The flowers are yellow, 
almost globose with a blooming period from June until October. These species can be grown 
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